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Ji« 'tfeiwai. r«s4staa«© ®f &t wmtrn'm fea©t#yl@ 
^eiwa at tw MffmwmM • li«p«pataf «»* 
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a ©liajttgiti .gfoTftb oa tk« resist-
a»«# ©f th® aporm* 
f* re^i^tiyaoe ©f aol#% aa.i f:rt®&3.y 
th% nmml&teM&m of 4ri®t 
H.» #f @omMm*i®4 of Tsriotius ®a 
mt tfe# si>©»a» 
I» -©f tli#iaal,- t@ gif#wte aat €»*f©* 
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®f proteins.^ ©r t© 
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hf Mm tt'mt s-li@» smeh «l.09® 
t# tis-© fcsat eoagalatlaa ©f la trntpmrnt*-
tmm wmm w2Jl as in the hlg^ %#sp«3Patw© 
%h&% til® gmmmmk mxpMm%tms>^ &m&%h -MtBg, te® to . 
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s^SSl* «««allr re#®^i«®€ hj 
%tt#1t#jrS©l®glsts- that' tfe® Wi-mm&k- wmmiMlmAm -©f a hm^trnwimt 
e»ll is 4^#ai@at to- ® -grfeat.' on 4ta s©i«tttts mmtmt*' K. 
l^lattli^ aes#rdiaf m hmith (48), isolmtoi • b®A% e©a«ttl«fel® 
altoiaita tmm ©all <jf hmtmrtm* 148), ia-18t0, 
i«»»trat®i ttoat tit®- t«5@ratare of ^ooa^Mtlm of f^-re ®1-
teaaia was is*«ra#ly fj?©^rtl®i»l to Its 
hea®® ttet tet wmtmt ®ai ©®®4 tto«ir- ®ffl«a®i«8 fr®f«r*: 
tl®s t@ dilution ®f Ite pp©t#la »t»ial &Mm wtt&. 
at«t# 
Betb Qrswr Clf) aai f§J tfee .aot»tiir«-
©f spores ©f feftetarta 1&«^' tfeaa Ifeat of tli© T®gfeta-
tl*-« ©«llii.» Syaaer- Cl?| swigg^et^ tlmt tli® r#slstaao«' of 
bftiit«rial sporeB- •%!&• dry r^teattoB 'Of 
Mistsr«--t»y wali, »bil® tt# restst®a©@ 
t® -iiQ-tst '^#at tiw wM«ii tii® 
gfor# mil «»rt®4 ©a tM© t«i€3tratiag .»i#tmr© s» it »aa##t 
ttr©a^ t© •&« albiats* 
CM)- laite®-t©i %l»t thm- ©f p#rs«i%lllt|' 
•of is«ll *b11.s s:p>ir»s t© mt«r &as' aa i^crtaat 
®3B "lfc«lr rir#t#tsii«e to- b©at, -sim©® %]&& mmmml liaat rmmtmtmm 
of m tm &pom& -wlit0^-®mrfi¥0 mxSmitf tfee^al 
4®s^ f©tat ^aiA©afet©dl-f «f®a -ffe® p-^atar tsfeimiftfeilitF 
It •, 
•0f -life® spore mlis to 
IgfeiO'Ssfttt-163) concluded thmi «bjyLitj ©f Met#* 
riai ^©«lis t® mmtttwm hi^ tMf«w%a#®s mt lmmm% la 
part, af©» « .l,#w moisture 
aaa t®ais#r&tar#^ iif It £» apfar®at 
t&stg 'la amy mm 'atit*,- 4e#tTO©tl®»#. -iwitii 
m &mW. ©f a definite &t hmtmim mrnm 
stitMai'dts®i"-«svtiP#»#»tti ecaiditioitii- a®f©^s ©a tiwr f«®t©rs,, 
tiast amft. t«f(«ratttre' &t -©xposure* fli© ieatlt f©lat te 
#s# »€|«, •mm.f to® appresiabl^y • itffereiit f:r« tliat 
i» a;i0tto©r,- «i®g t© ti« •mmwtM fey maay f«#t@rs, 
Im t.l^ s«©e«®iry for sterillzaMsa 
ir«rAe« Ssfws^ly %hm mm ms- tmmi 
ajB® l»>ty I#!- •!&#« w©ifetag wtm S'teowa smsf©iys:|©» @f 
sperms ia m »ilwi &t a 
Istf «a4 fsti »«raMri,E« 
tto'lr ^«sttlts..-ifeta ®f 
t®r4«3L i» sot' «. tet' mpm- a lai?.g# aa** 
hm #f variables# Any «ta't«®nt-it .irtoaM 
all -tfe# e-f@r#®. «»#• 
aaa 
@ia& ^ty tf) lAs© f&m& tbat tmmittm 
t««f»ratttr» 1#0#, l,a@r©as-«4 m®- -M»«-a=©e#«s«ry »t#rillEa» 
tie® tm tiiBSs# 
M 
eomeentrattim# letss (@S), woftjimg 
wltli •Ili§ mpmm ]^eti3.«8 botullnua. f©iiai tliat %hm i® ©f 
tea ii»a4iia "tmwf thm t;li©iwaJL 
ir#ai»%&ae# ©f tl« -af#!-#®# tfaat tto# H-i^a 
aai tfe® 0H«4#tt' l®w#r®i %fee Vernal ^st^tanc® ®f tto# 
aad Hi® ?at© ©# this 4#eir®as«i 6S- ®itb#r-,E~- m 
Ol-^l©® ®©a0#Ht2?«ti©a laeir-itasM# wi Is^tj* fS) als® 
f©aM tb@ tim© useessayf-^ t# kmowt -mmfrnmlem of 
sf©r©® i®e]p®«®@€ as -tls -fa%ifmm fSS), 
w©tkiiii with •#e3>i.> f^at «» la©3?«a# is tfe« 
pB, ©a th« «l1te«l,iia® »lt# ©f- a^atmlitir,: #f « gi*®!! 
iaey®mii©t Its powsr tb® ^rgtsaiw at & gi"r®a %<«-
ami Wart iti|-» 'tor ai-iitloii 
of .§ pea? §®mt I.«oa Jmi©® •%©• -it. aeSium, low»f»t tte® tUmrmaX 
t«atb p©lat of flioap®®,. Gaff, 
aai CiiJ ©is® i»ii'©a%«S tl«' ixff&ttmm ©f tSas pS ®s 
tfe# teat 3?#»t«tan@® -of sij©3r®«'.#\ 
OaroWg B^eaamra. Bobertsoa (83! aeaoMtratsd 
tisat -am iasr®®*® la «»0'ti© pr#saiir© wm «©^@0afaal©A by a 
^4e» is th@ tJismai ##atli 
f®«M. ^i^otQsi© mXutiQim th@ 3?®»lstmR®® ©f eells 
aM. lyp«^toale'soJLutioas iQ««a.#et,t wltliia liaits^ tb® toaat 
]pssistan«e.. Othmx tovtsti^toirs- -fcav® s«®tt-r©i simtiar r#-
sialts.,. aM tli#ir will to® ii-ss^sei aai ®a 
maAar tli© ®t0ti#a ilaomsalKg p»t©eti¥e 
m 
loa, l#t-k Meafcljig anS. ii^iae haf@ b@©B 
m»#« m tk mwm: ©r yi»g #f' ^argtslSM'i f&r 
©xampl#,. tb® ;S#»t«r- {•i^)-«ad ©tiarte-{ffl rnim cie* 
stgMlim hrnullmim* amA, SaS8*©jr^ asi Etrkfe^ia# C®®) mtth t&e 
ftt#««e#©«as. m»« m» a:tt«aaatloa o-r-m#-m& 
mfeteas fimsf It ^«s- atpBajf© tMt-fli#*'® 1# 'fifSslMMty of 
ateip@©'tg«i®as- #r resist 
( 5 0 ) ,  b y  s « l ® e t i # m , ,  t @ ¥ # i o p ® t  a  
•^•i-feaia Qf rnmnimm mm&Mm witb a ^m%»T i^#»istAB8® to b.m% 
'tfaat of til# at^aia:* 
m m S l u i s  ( e g )  & h m - m e m § .  - t k m t  Q f  
mafe#i>#al,aate is mmirn ©©alsial»f milk' 
atoiXi'^ "to--M^staat-a lii^iiti' tttaa Ba«te3*iitt» 
tuMgeml^aja; aQyaallj - p3?es#at is, milk, 
S»s®Mi it I,: •w©^lc:ia8. witti sitemiss of Esiatisgiehtm 
:j§0ii* f«a4 that tli«y''aiot^if®^ fssistaa©® to t&# baetexl©"^-
stati't aad ,g«imi#i&®l ^ aetiea ©f i&atioas -and also tiiat this 
mtim iaiae»4 « ©oayaralbi© 
¥@9istaae«' t©«aM otbw -©atioas. 4iff®r®iit ©hmi.eal 
lirti#S# ; 
' Qmmm aat •l®ttg®F (ii) «ttmp%e4 t©^ a@«li»atize 
a«tttt1b«3ps of tUm "safe'tiii® ®eou|i« by gratomlly raisiag tfa# 
t#Mf«ratw® ^©f iacttbatioa. After ©a© y#ar oaly ft aegiigible 
te^®# -of sii©0©#s -ms •appir®»t'# 
MahmtrnQB ibftiis'tM- that if 0«jftaia aitr^erpta-
m 
Mat %h% 
pmmmm #f atap^llllfy , ap®#: tfen ®llMlaati#a mt water 
tmm %hm ©sil 
•m©:. wmM «f ^iteewi*g/-tfeat atyi^ieal 
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©f tli® fy«llaimarF 
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tih# soa^e« of hm%* ^ ft^gart i #!»&« m'^mp ®f ti.« 
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•stlwstys «««a as tfe#- spm& ss4is».» 
St@rll« afglmtiaatloja %m%«s. v®m -usM .©«• tfe® «©Bt«ta#i's f©x • 
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S, S, 4, f, •&, S,; IS, IS,. 16-.^, -1,, §., ©, r., H,, I,^. Kg 
L, aai M« I-t ws »®@«#«ry te mm^wt • 1© fe«#f imftt®l©a «#9^r 
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ai 1 &tli» ®ttltiiir«i! tmtiros# hw&th ©©ataiaiag- toie«0©ir#s®l 
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it 
mm*- Ml i»taa mm *4© aeooi^iag to 
r©©M&«ii4e4 -lif, tm 'Bwtm 0mltsar# Stety 
.®f B*e%«rA«* prn-^vm. ^ ^y,:lfc0 m .B€«%#f*liil#fi©al 
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ii©at tef iaa#ip»lag •!&» ««al»i %%hm mmMlmtrng ttea »f@r@ swsp®m-
siea in t&# oil. hm%%m B&f&m tkm %'a'tom' su^Je^st^ %& tSie 
^mtwm. tmsfimmtwtm ito-^-wef© %m tli® 
tm IS smmm&B: -la & -©ti fcstb* ffe«- «xf©s«p# tmfm» 
ato®® a«@€g #xe©pt siigit warlatioas ®p#eifi© eal-
104.O^C 
1* 108.0^0 
G.;.. 112.0®0 
S* 116. 0*^0 
1* 120*0^0 
Wm #6sl ©®-a-
«f tit# .apw# ga®p«iisl©a.^- wm tim: 
€®st]r©4 tnw toflait# -f of tla#.* 
Tflth ea#b o il tare the ©xposurs wet is ifefe® 
pr@liala«®f tytal 'ifer# 5, 7,-1©,' t®, 2&» ast it ats»t»# 
after tbe first trial,^  t&« expos^a*# w#  ^ wwaallif 
jm !»•» -alsdmt #««# .a»ato«ap' "©f fei'lats atoi©v« amd 
fc#l®w lft#t mhmlmg ?## .«xffi®pl@,,' tt tits 
|i:reijtelbaty tttiil 8to#wtlast siirrival at.9 miamte® tk® 
1 
I 
1 1  
§ 
m 
u 
* 
I  
I  I 
f i 
« o 
I 
#• 
5 
1  I I  
* 
I  
m 
m 
& <*4 
m 0 
3 
0 JS 
I I 
m 
u I 4* 4» 
l U  I I I  
i 
& 
m 
g. 
• <6 
^ S fa 
cr 
•»4 
+3' 
i 
4» 
a 
I 
p«f 
0 
I © 
4» 
# 
i: 
© 
i I 
8 
I 
1 
m 
iismts 
of heat resistance of epoBss stisfsadei 
In sklMailk and in dvaporatei milk 
Vartems. aotattoly Af^s. m& iomsm ID# 
Bsr^®! :aBt St@iist^« It), mit Brown aa€ CM), hm& 
t«B0astrat@i- allk, «s«A as -tt© aa»i®a#t»m f©r 
tfe® Wi«te.tiir® e«lJt® .erf*'-aid® ^ia r«^ 
siitloi A&Btitmmim hf Umt-* %h.n 
mrnmrnl »sistma«® #f &ay-®p.g«mlM ta- ®ofigtt@r«ti©« ' 
itfeoiiia h® gives to -tto# tMlmm® &t tfe® gettna ©f 
li&n kl®i #f alik nm€m 
Is; s^tmdyiotiM-tmmmm' ©f gr.©wtb''t^peratmr® m 
t&« reslbtab-©:® #f -aer f^ele-* s'pj*#«#®»|.ag 
'fia milk t%^ wmm 'fla»«4 to 'tJ®# ©tm#!' 
tlis»€ pkiaadllfe #ip atlfe m s«ap®®®.tos aoAiw 
testeat ©f »tert'l.«--«a-%e-f-©iP'«# thmt t-h& - mmttt&m ®f 
li®tt%t-ttg waaM hm: -tfeo®© ©xisttsg 
te^iag III# in 
to 'tti® tf my, h»%mtm' tli@ ffot&etiv® 
a.@ti'oa of #t#3rtl4»4 .silk,, a s®rl®s 
Qt @0fflpara%lt-«" trials w&b mm fiw#. ml* 
2t®f^ was mm&m t© %hm ©©aSlttoas as 
a^arly as yosstbl® f©r the %y^ &t 
114 
Sim .ib. ecaparism,. tb© spe-r© mnimt p@^ mM& 
mnt$M»t0T ®tet*41k «»i, eiraf#t^%#€ ailte oaly a 
llttl®, itat sitte# the spswmm *«r® ©ae .soarc© tto© gr^wtfe 
mm -ffe# ©fajpor t^ei mttU asm 
^wa«- »©t jr®»t«rtiis#€ %bt wm tmmtm^^mO. aseptitmllf frtM 
©©M®r#tml ©aiui' oi tmppystM, siik# 1% 'Mi a pi ef- i*i while 
til® fl' «f , 1^# skiwllfc *as • $.m4em 
. Isa'ttlta or til© tTlmXm &r#' |5r»s»at#i la fatel® 1» 
S ©f S §©®p&ir|»oss -tit&i?# *as M a.lff«feae© 4a thm .fx-ot#©*" 
•feiT®. a#ti6n. ©f tto# tm Mmprnmi&m aediu# ' Hitto- S aiaa. 
It, hmmm^p tb© mkixmilk appsi*#stl,|^ had -a gligbtly 
p»0to©tlv@ %b&& ttt mm milk* la #«0k 1b-
th# wsa only tm niant^s al 
u»mA m& Ams ii©t •*©. b# -stgalfieaB-t, #af-#©i:a3.1y eta#® 
of tb® tiir#® ©-tfeef •eQiifaylB#as iili©Sit4 ao dlff«3r« 
®a«© ^s%w©#a %li® "iw© a®€l«« : 
Wmm -tfe© lata- tt' Tmnlts ©f 
tJaefml r«@istaa©@ • usiag-sfetmlife as thm 
sf#re suspea®l®»-ia#aiaa -to -tli© ip®sttlts s#0mr®fi 
wltfa' silk as tfe® sm^mmirn «©i-iaa« 
Whm It mm f&u^ 'tliat thmm vm 
hmtwmma th® ff©l«e%lTe •#f ateimilk' aad of-' ©»psr@t@i> 
atll:, it wm te us© ;sk,t*illf as th« • «#f#ast-€ia aMi® 
for til® im tba fstsists^e#- ieslslom 
was- &lm'hmmm& mp©» t»o ©tteip- first ^  @wp»f«.'fe«t allk 
m 
I • 
Comparison oi lieat reslstan©® of spores 
•8asy®ad©d ia sk.i«llk aM -i& milk 
lTm.-p®rm%m® ©f exi»tir© 116• 
Culture used Is® Milk 
g@cur  ^ smrm • ws#d 
1©. (irowth Age for Spores per ^@rt94s of l@atiag SmrtS-
temp©r-{da;ifs) aus- cc.of milk (ia minute®) Tal {la 
ature pen­
sion 
heated aim*) 
i 5f § mk-im. mmw* 
17,400 
18,000 
2,3,4,5,7,9^11 
2,3,4,5,7,9,11 
7.® 
7.0 
i m •S 
s*at« 
3,500 
4,500 
16,18,20,gg,S4,26,IS 
16,18,20,22,24,26,2® 
20.0 
18.0 
4 m i sXto #r«ip» 
£50,000 
£90,000 
16,18,20,22,24,26,28 
16,18,20,22,24,26,28 
20.0 
1S*0 
i m ©trmp* 
450 
500 
26,28,30,32,34,36,38 
26,28,30,32,34,36,38 
30,0 
S0#0 
f 4§ s 
•mmpM 
40,000 
45,000 
2»0 
t.O 
m 
Is ttffitml't to fafflail© la Imm ©©ataatsa--
t4oa|. aai sseoni, 4t mms- t© 
mlXk mim® fkear© ts ® ©f eMmglas its 
#«p©siti©a aai ©o«s©<|m@a%ly aodlfylng its fF©t«fi%lT# a©tioa 
mm sfofss# 
res-istmnci! ©f Tarl©®#' feaet@rta 
grow- m% two %«3psy®tar@® 
la ®a-effort •t#-8-€eure iafojpMtloa oa tii® iMtlmmm 
«f .gr®wtfe '©a • tfe# ••tksiaai- -©f •'b&eterisl. 
sforss,,, all ©f tit® ©xanilnet mhteh mlmwm€ mf atfpr#* 
©iable- r«®istaa©«'t® gf#«i «t •%!» 
atttir#e aat "t&s sp«f^#s- Jfei?' heat mmi&Mrnm-m fit® &l#i®r 
©f the t»0 was, ta all immimmB^ th# 
©ptlffim ©:!• at l«as'f tb® t«p«fatar© mmm^ thm® u&mA wliisji 
gaf« »st iia«rt-8«t- of- til® ««its»®' teisg  ^
fli«' .opttw* ^©fi^  w®3r«'-3f^ .., 4#, etat 
will# lower gpowth ti.s«4. im ei»3psfis©a 
wttH tiimm t«ffiratur©s wem 21^,. msA 4S%#.> r®»f«©%it®lr* 
b®iag msti te trlal^ ij mmh ealtef© ««s ' 
ca3pri»t at. least tM«© immtmm m% tii# jr«.sf«©tl*# 
growtl^  t«tp®ieatwr©®* 
•f&® y#s«lts-'#f thm tS'ials wltli tfa© 'irar-
t©ws ©oltmres mm i>r«seatsd Im 'febl^-S* km: aoalfsts of tlw 
data slj«s tfeat^'-ia S®- ottt'of •trimliS tb©' iipor«s |>©s.8©ss@4 
m 
f abi# S 
C<MpaFatiTe reststaace ®f sf©#«s ©f 
tariotts bacteria gp®w, at two diffdfsitt 
Ho. t&i!sp<&3>' m, of aiillc Periods of heating SmrviTal 
a^ure heated {In minutes} siinutes) 
Cttltwe 1, $ 48f* oM» h«at®d *t 1I.4*S®C* fS ©f milk #.»1 
X ti 
Sf 
149»000 
24,000 
3,5,7,i0,15,3©,ti 
IS,S,7,10,15,^^gS 
5»0 
15-0 
II m 9,500 7,000 
2,3,4,5.7,9,11 
7*9,12,15,00,25,30 
3»0 
12 .O 
3 «i If 
59,00® 
?§,OO0 
S,3,4,5,7,9,U 
f,9,12,15,^0,05,30 
f*0 
12^ 
4 m Sf 
g4Q,00§ 
1S0,00@ 
8,3,4,5,7,9,11 
7,9,12,15,20,25,30 
§•0 
12*0 
g ii 
•Sf 
12,000 
45,000 
2,3,4,5,7,0,11 
7,9,1S,1S,20,25,30 
§•0 
20»0 
i m. m 
67,000 
77,000 
2,3,4*5,7,9,11 
7,9,12,16,20,25,30 
3.0 
8#,0 
t Sf 
S2,000 
40,000 
2,3,4,5,7,9,11 
f,®,li,15,20,2S,^ 
&•§ 
2©»t 
• @ 
« 
Sf' -a
cs
 
<3»
H II
 
2,3,4,3,7,9,11 
f,t,is,£s,80,25>30 
§••0 
is.o 
9 SI m-
120,000 
57,000 
2,3,4,5,7,9,11 
f,9,IS,15,20,25,30 
• 5«0 
li»# 
io »i 
• 
If© 000 
94,000 ?,9,12,i5,ii,^^,30 
5*0 
20.0 
11 ti Sf 
145,000 
68,000 
2,3,4,5,7,9,11 
f,9,12,15,20,25,30 
3.0 
1S#0 
TaMe t |Ooa%*J 
QtTmtk B'g&em ' 
»@» . «e»of atlk F©*t©tii mt tosatiag Smrftifal.. 
ature heatsd (In atattt®®) (ia atemtesl 
^g«- . . 
oaltoe s, § <&mfm om, mt 3jli»0®0, ^ mt allk 6*s 
3. m ISftSt-&w 
m^mm 
53,0@0 
3,5,?,10,15,20,85 
3,5,7,10,15,20,g5 
7.0 
1S»0 
B m m 
•»,:©do 
8ti§C»l 
3,4,5,7,9,12,15 
f,9,lg,15,a0,S5,30 
9,0 
25.0 
3 SI m 
56,000 
43,500 
3,4,5,7,9,18,15 
7,9,12,15,E0,S5,30 
9.0 
25,0 
4 21 m 
86,500 
59,500 
3,4,5,7,9,12,15 
7,&,lg,15,g0,SS,30 
9,0 
25.0 
S Ml m 
gx,000 
3.00,000 
3,4,5,7,9,12,15 
7,9,ig,15,g0,25,30 
7.0 
25;o 
§ a if 
100,000 
35,000 
3,4,5,7,9,12,15 
f,9,lg,15,g0,S5,30 
9.0 
i5;o 
f SI m 
10,500 
10,000 
3,4,5,7,9,12,15 
f#9,lg,15,SO,25,30 
12.0 
20.0 
8 zx Sf 
26,000 
30,000 
3,4,5,7,9,12,15 
7,9,12,15,20,25,30 
9.0 
25 ;o 
t M 
m 
16,000 
13,500 
3,4,5,7,9,12,15 
7,9,12,15,20,25,30 
®.o 
ISiO 
m BX m 
13,000 
11,000 
S,4,5,7,9,l«,|15 
?.,i^ l2,15,20,gS»a0 
s*o 
9*0 
§ days old. -at lie*0®04 fM'mf latll:" §44 
X WL 
m 
1,goo,000 
1,S00,000 
3,5,7,10,15,20,ii 
3,5,7,10,15,20, 
Mm0 
g zx 
m 
5,000,000 
4,500,000 
1,2,3,4,5,7,9 
1,1*3,4,5,7,9 
Mm& 
3*0 
m 
'feial " ' '" 
So« temper- oa#of silk Periods of heattag SursriTal 
aJuT© heated (in minutas) (in minutesI 
Ottltur© S, 5 t®r« ©JjS-f heat®a at fK ©f sllfe &*4 
s 
Sk 
3f 
4,300,000 
5,500,000 
1,,S,S,.4,5,7,9 -
i,S.,S.-,4»i,7,9 
3»0 
S.0 
4 ii 
. Sf 
1,300,000 
1,100,000 l,t,a,4,5,f,t 
Wmm 
3*0 
§ 81 3? 
i,eoo,ooo 
5,400,000 
1,8,3,4,5,7,9 
1,8,3,4,5,7,9 
M@a® 
3»0 
Crnltur® 4, S days old. h®at#d at 116 fS #f milk 
1 SI 3f 
16,000 
27,000 
3,5,7,10,15,80,as 
3,5,7,10,15,20,25 
5.0 
10.0 
il 
3f 
16,000 
15,000 
3,4,S,7,9,iB,15 7.0 
20.0 
S •Bl, 18,000 S2,000 
3,4,5,7,9,12,15 
5,7,0,12,15,20,25 
t.O 
25 .0 
4 m. 3f 
18,000 
51,000 
3,4,5,7,9,12,15 
5,7,9,12,15,20,25 
7,0 
20.0 
S SI Sf 
ie,ooo 
10,000 
3,4,5,7,9,12,15 
S,f,t,Jli,i5,20,£5 
§*0 
ts^o 
§ sn m 
14,000 
12,000 
3,4,5,7,9,12,15 
5,7,9,12,15,20,S5 
5.0 
15*0 
f SI m 
18,000 
13,000 
3,4,5,7,5,12,15 
5,7,9,12,15,20,25 
7.0 
io.o 
8 m m 
11,000 
Id,000 
3,4,5,7,9,18,10 
.S,f,f,12,X5,20,25 
5«G 
li..Q 
Table g tCon'fe-) 
fijal Growth' • Spores p@F ' 
lo# temper- oc.of milk feriods of heating Sttrrttal 
a^ure heated (in aiiautes) (ta mtaates) 
G * - . 
©iiltay# i, 3 days oM, ii% lg0.»0®C* fH ©f Milk %*4. 
1 4S §s 
iO§ 
Bm 
3,8,7,10,15,g0,S5 
3,5,7,10,15,20,25 
5.0 
go.o 
B 4S i§ :$^mQ 3,4,5,7,9,12,15 1,12,15,20,25,30,35 7,0 g5»0 
S 4f. §S 
5,000 
10,050 
3,4,5,7,9,12,15 
f,12,15,g0,25,30,35 
t*0 
ES,0 
4 4S 
.§§ 
1,000 
7,600 
3,4,5,7,9,12,15 
i,IS,15,go,25,30,35 
7.0 
25.0 
5 46 SS 
goo 
100 
3,4,5,7,9,IS,1S 
S,1S,15,S0,S5,30,35 
5.0 
25.0 
& ' 45^ 5i 
100 
BOO 
S,4,5,7,9,lg,15 
20,25,30,35 
5.0 
25.0 
f m 
1©0 
Mm 
3,4,5,7,9,IS,IS 
9,lE,15,aO,g5,30,3S 
5»0 
i0,.0 
Salter# f S t«ys ol4,,„ kmted at pB ©f ailk ft,.S 
1 13. Sf 
40,000 
70,000 
B,5,7,10,15,g0,g5 
3,5,7,10,15,SO,gS 
S*0 
• 7*0 
2 21 37 
1,000,000 
800,000 
1,2,3,4,5,7,9 
S,4,5,7,9,iS,li 
g.o 
7.0 
cmtar# S days old, li6at«a at 106.0%* |g ©f .ailM §•§ 
1 13. 
••3f 
450,000 
1,000,000 
3,5,7,10,15,S0,S5 
3,5,7,10,15,SO,85 
Wm& 
s..,0 
a 21 
3f 
800,000 
440,000 
1,2,3,4,5,7,9 
l,2,3,4,S,f,i 
iioae 
3.0 
wlsl ^  
Io« tMiper- oo*of milk Periods of heatinf^ Swvtml 
at«r0 heated {in minutes) (ia 
Culture 9, 5 days old, heated at 110.0®C. pH of atlk fi»3 
m 
m 
80,000 
@0,000 
3,5,7,10,15,20,25 
3,5,7,10,15,20,25 
f*0 
§,•0 
t m m 
100,000 
80,000 S,3,4,i,7,9,12 
s*o 
5,0 
s 
m 
4S 
200,000 
170,000 
1,2,3,4,5,7.9 
2,3,4,5,7,9,12 
5«0 
S.O 
m 
m 
250,000 
120,000 
1,2,3,4,5,7,9 
2,3,4,5,7,9,12 
3,0 
5»0 
i m m 
210,000 
170,000 
1,2,3,4,S,7,0 
2,3,4,5,7,9,12 
fi-*0 
7.0 
S' m m 
300,000 
280,000 
1,2,3,4,5,7,9 
2,3,4,5,7,9,12 
5*0 
§*6 
Culture 10, 3 Says ©1A» hm%^& at ,p2 ©f milk 
1 m m 
S0O 3,5,7,10,15,20,25 
15,20,25,30,35,40,45 
'im 
30.0 
I m m 
410 
500 
3,5,7,10,15,20,25 
15,20,25,30,35,40,45 ' 
10.0 
3Q,.0 
0mlt«»t 11, 3 days old. h®at«d .@t 116^0^0, ,pH silk S»S 
1 4k§ ss 11,700 17,800 • 15,20,25,30,35,40,45 I5,20,25,30,35,40,4i 2S*0 so»o 
t m m 
11,300 
3,000 
15,80,25,30,35,40,45 
15,20,25,30,35,40,45 
25*0 
35,0 
m 
B .{©out*) 
^ '• ' '  ' " 
!©• tfiap-er- co.of milk ferlods of b-eatlag 
•ture haated (in lalautes) fia iilaat«sl Q/\ 
Ml I,„|. in.,riroMfa«tTrr;,r--Mrr. lu |-.r Mj" n - rv,,,,,.,, • ..,,,: ^ l ..• u„i r.j.;i,n i- , n. - ma- ,. ...n , ,., ^- , , , •, , 
Cmlto,® IS, $• iftys.©14, at lis,.0^0« |fi #f milk &.S 
I m 12,300 11,400 
5,7,9,12,15,20,25 
15,S0,S5,30,35,40,45 
5.0 
g m m 
9,000 
8,000 
5,7,9,18,15,g0,8i 
15,20,35,30,35^40,41 30,0 
a at tk# opttam gr«>"»tfe 
t®af@rataaif%»- • fetsA t wltlj- #m3Lt«r« 3 &M • 9 p. aai •§ 
with eiiltur# S sb©w.e€ s# itff#i?'eae® la "te# yeslatmaa# 
tla spores mi the two 4iffor®at teresWltl^ 
i, Hewef'er, 'trials l.>- 4,,/aaa t (m 4 mt ©f i %rl-
• #^#*©11 « gr©st#f I'esistaace fo^ tfe® sf©y»s grom at tfa® 
©f%la«a tmpmmfum^g m was also tb&- ea»t la -teials 1, 4, AM 
S wt^ i» tt is well t# not© tbst itli#r© ma a© ia« 
#f sfi>r«® froil a eulturr «^-©wa «t a iwforatar® b#l©w 
tl# ©ftjyim «:xfe.tbitiiig -a re#l»Maft® gr^tei* tlat 
®f sf©-f«s frm a tmltasr®. sr®« at tM- pfiMmm tiiif®»ii.lmf®» 
f&t ®f#r® ,#©«%•©»•%,: ••per'••emfciie' ©f stimtillii 
•arigi. im tmirnla b«t »•$ 
Aiffrnmrnm ia mmlA If# to ©ay 
•rnrn'^ mt^ m  ^ fltliiat fliii liaits 
of thm ^^atwats is %hm iwi&itMml tyisls, tli«« 
^•|i m&% mp^m t-o h& mmy •@©nr#latl®ii to^e'-twe-isa -tb#- #f 
®f©Fts pE»##«»t f:«w SUM:©- &£ -aa  ^ %T&m tia« 
of -sacrrSfal ©f tl# s ports* 
til# in T%h%m- S afe ia faM® 3., 
s-ttwarj gmw tte-t ••&» t^ © mrnms^ 'th® sp©r®' ©©iit#ii't 
#eatim®'t#r ©•f is. trt&is bmt lit-
It m%m &%mB thmt m&vy p©ig§@sg-^- a 
B.wmmm "tlnt&mml ireisistfeii©® '-Amm gr©m &% thm Qpttaxm gr©wtto 
t«ip®fatar# wkim-....gma3k^-lmlm th® ©•y-'wtae* ffct^ e 
m 
Compilative thermal reaistance of sfoy@s 
various 1teast®ric grown at two different t^mpm^trnmrn 
•{•sumtr^yy of data in Table Sj 
G|»6Wt^ A^o-
HI* of temper­ amr® Spores per StlTfi- Mmm 
Imr# tri­ ature eul* t^^@r* ee.of milk valtin sarrif®! 
als •
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 ^ dwim spores per 
frisl. teiiip#!^ CO.of milk 
10* Citltai'# atur® hsated 
0  ^  ^
F^rloda of .lifting (in »lattt«s} Sunri* val (im 
mlUrn} 
G.«lte^ f, § days oM, 'lieateA st 110»0®C« -pfi'of milk 6#2 
f m 250,000 
t-4 m 860,000 
f-# if- 240,000 
f 130,000 
••» If 210,000 
f-A m 205,000 
0-B »f- 830,000 
9 4S 170,000 
1,2,3,4,5,7,9 3*0 
1,2,3,4,5,7,9 5.0 
1.2,3,4,5.7,9 3.0 
1,8,3,4,5,7,9 5.0 
l.S,3,4,5,7,i 5.0 
l,S,3,4,i»7,f 5.0 
1,2,3,4,5,7,9 5.0 
1,2,3,4,5,7,i 7.0 
m-
optiaw m- laeif®as« im wmlBt&mm*. tkm tw©-
*© tt© wmm trial 2 *it& 1, la wfelel 
tfe# s«t4i,«a ©liaag© of'i^owti. teap«atttr# tmm b©l®w. thm 
%© %h& -ae-limlly- a-slig&t i®er@as# is ttoMsti 
resistaa©® of tb® m&O. tytftl' M wl^ wl-
tmr© t IB ttmmm. was •»© e&aag# l« -fe^M-taae®* la 
mmtm,0%, % mmMm efeaag# -©f swtb firm -fell® optl* 
am %# a lw#ir r©siilt®d ia- s ftsefsas# is •tb:® 
sal ^#sistsot« la mwmwy- ©a# «f tl- Am «piaaati©a 
tm tMe i«ci,r«as« in thm hmt vmimtmmm. la trl-ai t wltli ml" 
turn 1 when thm %mpmmtum w&s la©ye«set %q tto# ©pti-
sivm m&j b® ia tee 4if• la tb® .®for# ecm.t#at of tli®' 
skiMtlfe. With. sf03f«s @e©« at Sl%* mfmm mmtmmt p@r 
m* #f sfeiwllfc was' lfg,;®00:, whil® 'Witli thm &pomB at 
3f®a:» tfe® was -oalf li^OM pmwm-* fli# «3^1«a* 
tloa  ^ is a©% «a%i3r#l|r sati®fa@te!r|'siae® a siailay 
eoaiitids to trial $• witfc ealtmjr© 1 aM ia litis ;©€sii 
th® i$h.mm ia 6^©»tli f»» b©l@w tji« ©ptimaB tm 
tk# opti«m @aM:®d m immmm ia thmml rsstataae-®# Sia». 
ilar 4lffer«a#e® ia the mm^m% ©f-tb« akimilk 
®#@mr3*®d .witto hm% a® ••sfeo« pr«vl©ti,@ly ia 
fatal®® g ant ,4.,. thmm appar«atlf 414 .not ®l^if l'@aii%lj ia-
tlmmm th® ^«ii»-%«s#e ©f the 
A sMttafy of the diata ia fable % is' fit®® la Tmhlm 
f», fh® sverag© t^hafmal r®»istma#@ ia Almtmm of 
m 
fiiM« f 
Isfluenc® of a sudden chang© ia growth temperature 
mi th© thermal resiatano© of spores of various bacteria 
t Summary cf data in. Table 6) 
'lo. Ag@ 
Oul- of teiBper* of surs Spores per Surri- Range of 
ture tjrl-» ature cul- tamper- oo.of atlk val surTival 
als C* ture a^ure heat@d mln«} 
i&mBi Qm immr&m) (aiattt«g| 
1 4- Bl S 114»S 103,600 4.5 3 •* f 4 Sf © 114»§ 76,370 5.7 3 -m 10 
1-1 4 gl • .f 114»0 380,000 7*S § m 10 
1 4 if B m,i 16g,§00 m*$ 1§ mt 2§. 
g 4 SI •f 116*0 41,620 6.5 i •4m-7 
B«A 4 37 S 1M#0 leg,250 16.2 10 m 
4 21 ,.s 116.0 50,800 5.7 3 10 g. 4. 37 .. n 116.0 24,000 16.g Ifi go 
S S m s 110,0 1,900,000 0.0 0 'MT 0 
"S«>A » Sf - •S 110.0 g,933,000 4.3 3 •m g 
3-B $ , ti i 110.0 1,333,000 8.0 0 •m 3 
i •§ 110,0 2,133,000 6.0 § m 10 
4 § si § 116.0 11,200 5.8 s •««>- f 
S § 116.0 9,000 14.0 10 * 16 
i a s 116.0 12,000 9.8 7 li 
% § m s 116.0 14,800 19.0 IS as' 
i s • 46 s ISO.G 150 5.0 i i §*Jk s • ss 
.§• 120.0 316 21.6 so m m 
s 45 1 120.0 8.3 , s •mm If 3 85 •..3^  lao.o 183 23.3 so •m m 
t If .S 110.0 230,000 4.0 3 m i 
1 48 § 110.0 232,500 5.0 § •  •m s fti»S lr""W • #  37 110.0 235,000 4.0 3 «* i 
t i 45 S 110.0 205,000 «.o s « 7 
A Z eitog#- fwm. lower to higgler growth temperatur®# 
!• SMiige tmm high®r t© lower growth temperatur«-# 
«& 
©f tto eal tares- mhovm %h® »®b® iaflu-iiaee 
of a sMtdsQ tbaog© la grewtfe tsapemtmr# es d© t&# iaiif 
trials*. fypl#al »f tM-iigs# is tMt ©fetaiaet wttto enl-
o 
t«r® 2*- 'ifefis ir©« a% -tl ©#» s but m aif#?ag@ smrflv-' 
ml tmp %b« gpsMs -Qf ainmt^s- at l>mt whmn a traas-
««fte at tit® «®»® %i»« a# ttat ^owa at was gsrewa 
. ©  
a% W §,• ©f- tli® s|Ki»s was I®,»S miawtes 
lit fb0 wmmmm mmmw^ mltttf# 1, gr^wiag at 
W8 sttMtaly -tynaaf^rifM .aat^ gri»«- ««• ii®0» siao® tfe.® 
.smi»ft¥al ttae of tli« #s#r®as«4''ff.<» 16 •S miamt©®- t© 
S#?-alBmt@s» fli« -#a«® s»«al t»n4#m«ies w«« «ftd«at witM 
mmh ©f tlt« ©iiltm^®s* -fit® -mt-mt of - tfe® averag®' im&wmm 
©F §.mwmmm lu tbeiaal reslstaa-e#- wife the iatiflAml 
e^ltmiP#®, tot til® ©fesaga- ia wm.mmmimtmt .m& • 
ttsmally apfx»-$l,a%l«#: fii-»© mmnltm tmtthm tfe-© 
mmvLl-m pmmntieA im tmhlm 1 aat -S tMt '^©wfli taaperatttres 
h®Xmm , ©f tlma 4:»er»a«- thmwMX 5«si#%att©#.» 
Wwm ta t&bXm f It ©pp«ats tliat tfe® 
®pe3f«» ©f g»®m -fmw- mmm Mmm thm ©r ofti-
a-» ^^w%k trn^mtme wmm'M&m t# heat titan 1^@ 
Bporms ot, ©ttltttj"* frown • fm mXf ©«« ^g®s©rattoa at tih-« S'la# 
t-«p@r®tQre# - ts pajr-iiaps m&wm ©Imrly in 
figur-© 4 it'ls s-iMsa, - mat, «itto tli# except ion af -eal-
ttiire all ©ttltofts wwm m&wm mmimtmrnt t& kmt .lAm grtwa 
tm mvwml smmmtlms at- tfedif- ^ptimm. flam 
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influence of a sudden change in growth temperature 
on the thermal resistance of spores of various bacteria 
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l e g e n d  
growth temperature 
exposure temperature 
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&ls, maa® mM tkm. only irartabl# 
f«©i«e 'tafla«a©i»g .©rewtfe to hmt was tit® growth 
0f contina-efl- ^«f3i 0f feaet#rt# ;at m #&iiag@i 
©f^wtii t^peafature #a tSt« tmmml ®f tte# sf«5y®s 
Ofes®ipirati©as irl«a wm a •@limag@ la 
ge'Wiib sttgf@s%«# l&«t »p^0r»s ©f ^©wa 
tow soa« tiae at %h© -tiaf^ mta^e w#f® mmm 
%& t@at' %Um, Bp&ms &t -mltmrn- ft>T -mly oae 
at ttet ' la- mdmw- to mmmm %him t«aft«a®y., ©til-
'tmma hm& hm& s«4«l#aly ebftng«a «• %mm m to a 
feigb©-!? gr-owtfe t«femtnr@ w«3r© m mmim ©f 
traasftrs at tbst aafl thm fm •%»&% ir®sist~ 
fafel« 8 .tti# thmriml &t th® i®|>©r-®« 
aft®r tfa© fe«4/fe##n -na^riefi a «#ri®s et tmm 
i to 11 tmmf&m #f .gsa^fa-fctoa® at mm tsMagm %«-
-Im «#tltl-oa is gltm, f©f •«©©& ©ultttr®.,. thm 
mvm&m of %1« «s-porea wfe®® tit# emlttir® 
was miMimllf liata .from fatte S) aad aJL#® %&« 
awrag® themal of tb# sfas*®# wfeea • th® #a3.tw® 
mi i^ owa ©»ly oa# gea®?atl©a aft®r '©haoglai.- tb®- gy#ir«ii tern* 
f@ratmr@-Ctata ^®a -fatel,© y|» It s-beaM b« aotM- tliai;. 
wimu tte© wme ©s*tglaally, .teej hai b©®fl #®rrlifi 
m 
Q 
Effect ©f ©#ntijaiued growth of various bact^wla at a 
iprowtli tjMperature on tii© thermal resistaae® ©f t&© spores 
-  ^  ^ : 3^2etlvmi or!lg» 
No. Growth 1^1 culture 
of temper-Sp®res per Beriods of heating Stirvi*• (1} Sev-i £ J One 
tr.- atu.ro oc.of milk (ia minutes) iral eral traBS«» 
ana- 0. keated min») trans- f@r 
tm tern {mm.} 
, Ouitir® 1<»4, & <l®ys ©M, fe©at®4 at 114*i%» pH #f. irtlJfe 
f m 65,000 S,5,7,10,ir>,g0,2i IM ii.f S#7 
Ottltoe'l«wl» ,&.Aay® #M., faeatefl at 114»S^S» pH of milk' i»S 
f 11 71,000 2,3,4,5,7,9,12 3.0 7*t 
Culture 5 days old, liemted at 116*.€^0# of. atlk S«3 
i Sf 100,000 7.9,is,15,20,g5,30 SO^O lS»f X&-*^ 
Cult®# g-B, 5 fiay® old, heated at 116*0®©* pH of aflfe §#$ 
§ a 180,000 3,4,5,7,9,^12,15 7.0 8»f S#7 
Culture 3-A, 5 dafs oM, faeated at 110.0®C. pH ©f km 6#4 
f 3f g,000,000 1,2,5,4,5,7,9 5.0 3.6 4.5 
. , n . « , , , I . , . I . . , . , . , - I ,  . r . , . . y . . .  
#«ltur« S-1, i days old, &e«.t@4 mt 110.0 G, pH oJT silk i»4 
•f ai i».soo,,oo® i,,t,t,4,s,f',f M o*§ »•© 
m 
•fali® B co©a'l,]^  
swfttal ofig-
growth ' imi etaxtmr# 
@f temper'-Spores per f»ri©4s of heattag Swrvi-{xism*[U)One 
tr,-^ ature oc.of milfc Cta stoutesj mal Ota ®ral trans-'-
ajis C. heated »ln.) trans- fer 
tmm fers (aire.) 
, cg?e>) 
Culture 5 days old, heated at 116.O^G. &f allk a*3 
11 m 4^^ 9,12,15,go,S5,30^35 15.0 18*B 14,0 
Gialtttr# 4-a, i iay» ©Id, hsatad at 116,0^0» pH ©f ailk- 6,S . 
Iim:nri..i„.iiri|...i,i., IWI..|„|,J .,||«,.VI|IUIU,...,| „ .Jill.,.,..).: I .11 .Ill )l.it,..ii..ii I Hji, .1111. I lit 11 J.iilln..iii..inil.i.iil.ii... 
11 il gi»W 5,4,5,7,9,12,15 ®.3 9.8 
Smltur® S-A, S oM, heated at lgO*0®C*. atllc: 6#4 
® i§ 100 t»lg,15,S0,,It,'»,3i tS.i gl.*i 
Cultwe 3 dfiifs #ia,-heated at 120,0^0. pH of mill: S»4 
5 4S • s»4,i,.f,9,l»,l§ S.® @a 8.3 
4 » Ctamf# from lower to hi^«r ijrouth' teaperatur®* 
B Z Ohaai© from higher to Xmmf growth temperature. 
Bata taiEi®» from Tabl© (ti Bata tidfeem from liable ?. 
if 
throttgli. mt l««st • 
Bssoi-ls p-rasmtM la tabl® 8 iatloat#. %h&%. %h® mm* 
ag®\tb«mal r©s-lstaaeo of -tli# mpm&M of .-'tti© v&itmm ©mltares, 
•ir!ie:ii tm a p®rl®i- mt a •j^aBge€,.^owth 
1J0 ayi^xtiiat# mmmm thmwm&l -res'tstaae# of tli@ 
mporm ©f %&© wh&xi ©iflgteally aftsr gmmHh &% 
ta# s«a« th.® sfotts of -©tiltMr® wMtfe *as 
©altur# 1 at 21^0 »• as# cfeaaged- t@ a 
•sf faaa. a tkmm&l mmtB'tm&m mf S*? »laat®s after mm ^ 
g«a©i'atioa» lat aftei" f %b® ,r®al.@t@3a©® 
feafi taiBr®a»#a te IS-# -He s«a@ %b©i«a 
^©slstaaee a» tfeal %!• tli® «f©r#s of the 
wikm testM %t%m 3f®C« Cmltuf# l-B, 
^i®b ms ©altiar# 1 grom a* aM %& a 
«f' ia.°G,, p«»4tt@«4 spoy©s wkieta !a4 ita 
jpesln-taa^® of f#i • after oa« g#a©rm%lon^, 
hn% aft®? %hm thmmmt. resistance Had 4e#r®as©€ 
to 3-.0 »lnmt©a- •wM.Qh wmm i#ss- -tfeiitn of the sf-ores ©f tli® 
©ml tares »lt«Q #3rigiiiall.F sf ©rowtii »-t Gul» 
twes i-ifc .aiii 4»4, f aaft :ll g®a«i'a%i©BS.>, .fe»p®etiv©l|r,,.. 
at ©Mag#4. .grow-tli pf©4tt®et sfofse wfe-i«h Md • 
a rmMi.BtmwLm al^st. m%uml to tftat of tfe© ©fores #f 
mltuTss'whm ©rigtaally %mt®A after m»vm at Sf^G. 
Spoi"#® of o-altmr®s .S*A aai 'S-^Ai aft©-i* ? aa4 3 •ig#a«ratioa».,. 
i*o»p#©tiv®Iyj ai:<@«©4®4-slightly the tfeerwal rsslstfta©® ®f 
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Ihersaal realstaa©# 
a©lst i»t fleshly afl®a iif#r©« 
a® alr®a4f mmm ototftia^a wtth 
»ol#t .sfei*©s« Si»t® sfor## at-# pwmm% In a Airitt 
wBii«3? ffmetlcal se-Bllttsiis, a mmpmwtiBQm mo aatt #f 
Wm thmmml Tmim-^ mm  ^ &t mist and fye-slily firlM ©pot®s, 
Qmlf sp©re« f3?©« tit saittt g^mth m%m ©©ai«:f#a» 'Am t«st©A 
fur "feemt r^iata»#« -fell©- toisit. mp&ipmm mm-' «:»'©«• ftays ©litf 
tiiaa til# »ls:t s^ey#® &f %tm :fT@®©Aii.r® ©at tii® 
aethod tt# »-§mm mmtmt tM% mmm mm&t, 
mmk&jm la prepiriai ta® sfOTm tm tb@ 
©©spai-stlv# mm as f«Jl©irst. a .s«i#s of mtrnMa^ ©f 
tk® •altw-# %& stttdleu niS' Wii# oa .aai'fft©# of Bstflimt 
« mma- %m & p&fel it«b aa4 tli# 41«1 
at timfii'attti'# as tM saltmr# tmm.mhiQh- t% ms 
S -mt i 4®^® idpfrstiag m tk^ ls»sM-
ti#a ttafefatei'e IS iay® a* aai S tftfg ^at SI®, Sf®, 
0, &w 4S 0»l« A feyttoa ## tli© tontainlng tli# solst 
aforss w«« t»asfe#r«A tii m m-* of sfciiwtlfe 
m& tkm pwmwstm%$m *i» mS. testofi- f#ip teseftt resiatas©© 
fta€ . a« ^ otttllaet ma€<ii? 
p®yti©B ®f tint mmmth ©a tk« cgar »a» stimfed ls%o m 
tt#fe «i ari#4 over ttaloim, uhlerMt in- m. fNartlftl fmrnt'-
«B Sf%* f©r M hmm^ 'iietet «a ©rottnt ia a 
gt#3rlj.« a©*to aat wsll sixtft wttli sl^ ril© 
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4 ^mn .at Sf^:, m- mlMre 7 gmm at 
4S%*, ©.a3,tti» 8 ^t>m. at or 4S%-», § groi® at 
•0 lof . 40 C»,, a»i. euitttip© 10 gr©wi at. ti 0..#. ^ssegsM s ^eat«F ttitie-
ml mmistmmm ©f &*0, 8»0-,, g»0, g.O, &«0, 3»0, S*Oj,, ami 
s»0 aito%#»g. tlima the ffesmy irtet spo»s,* 
Tk&m wm m Mftermim. Ie thm Wkmml. mstBt&tim of thw 
fmmhlf m-M #g#i' sp&mm whm- mltwm & wag mt 
m^G*^ mltmm f mt m mltmm © ©al-
tsu?© f at m 5s%, • 
t slws the. tn T&sMtmmm 
of m® «.g#s ffoii. tares &t diffisif-
®at t«p'®:r&.lM»w.* life© trials la wl ioh fr®sMy. tri#i 
8p©s'«0 MM th0 mmmtmw ^mwml TmMtmmm' Tmpmmm%M thitmm 
-m^tmrna {mxXtwemm Sj 10, a»i Ml» «a@h ^mw&.-mt Its 
optlaiw, gip(wt& tsffi^ei'atur#^. tet i #f tfce # trials fttoowlag a 
gri&«t«r fm tli« sge^ .-tper©#. mrnm al»® it?-
fmm% #al%iiy«», leiiltur®# 4 «a€ 9), &% ita ©ptt», 
miia ©aly af#i .sfor#® twmm- mltmm 4 showst &-
t® fco-nt' ttea tfe« f^ smy «»i®t mp&wm m% 
all ^m%U t«pei?a%ttr@s.# li-tfa. '..•©altm^®® f ,.• •©» aaft 9,. .aay 
fB i'»s.tsl«a®» ma la @f th# ag®a-
ms ao with mmy ssaaH*!®. i»©»^ 
apf&y.itatlf, with til® ©s^ais» atmtiea.^ , a»y iafl»a.@® ®f ftg#-
oa til.® tb@iaal rwla'taa#® of iir-t:@4 sitoi»«8 mtft the e.g®t spo®®® 
FIGURE 6 
INFLUENCE OF AGE ON THE THERMAL 
RESISTANCE OF DRIED SPORES 
LEGEND 
SPORES 5 TO 8 DAYS OLD 
MMM SPORES 4.7 TO 69 DAYS OLD 
^ -GROWTH TEMPERA TURE B EXPOSURE TEMPERA TURE 
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sp©:r«a tm tb® 
Mwtmg %mm mrrlBi. tm apT^roxtast®!:!- SO Caps m mttt* 
flti«l. tmltttf© a©ai.a the B-§mm w&rm growm t&w irfimg* 
It i#- both • faet©r» • imw&M.v®€*: 
Iffett «f contianei fjrowtli of -verious bacteria on 
eultere media on the thermal re-slstanee^ of the ®p©jr®s 
S«# ®f tb® Is fstolss t mS. 10 
suggest tbal pr#wtb #a ml'tm-ist «#tia my 
r«4w0# til© tberaal t^eistaae® ©f tfe® spof©« e©.rtoia bsst#-" 
r i i t .  0f  muUmwM^ s^mtfi m mMflQtml 
m&Mm wmm .fey «©sfarliig t.k® rnmmm th&m&l y#st.®t-
mm Qt tfe© ®pores &t tiifi whm ©irtglaally t©3t^ 
with tfe® msiiitttse©t o spmm of tfe# emm ewltare® aft«t 
& amb®!' gt %m&btmws 011 ayttfislal maiia# T'h© ciiltmj?®# Mt 
fe©©a ©ar^lM thmn^. a serl#® ®f tmmBfeTB ti t© 5#] o» ar%i:-» 
fi#iml, .ftuitmr® duriag fr©® iS %& Iff 4ays# ft# tata 0m 
ta® lihsmsl^ #f -til# «p>r#s, ©f tb# wli#a 
rnwlutmllf 9mw9 t^m r^or rsbi## s 5,». 
m.m- gtmn t» fafel® 11* 
Cultat'# Xi mitm. h»im a Bmwtm. of •teeaa«f#r® 
(St t^mmtms} m itftifleiai ml m® for Iff i.ar»» 
at l#tli si® ant W®8# mhimt ii*M¥it#i a l@*#r 
fes l#a.t tlia# sporoa of -ciiltur® ©.figtaallf 
t©.8t«a after gmwth at tb# mm» *©mf«]patar®»% aa «t3i|»®sw® 
8S 
11 
Mt'mt of continued growth of various ba#t©ria oa 
media os this thermal resistano® of th® af©r#s 
— iispr 
growia  ^nuffi- s«r- ¥iif* 
0i?owth on ar- ber Spores per ?«r|ots of h®iitiag vtf- al, 
temper- tlfi- of QO»of milk fla iainut®s| al ©rtg-
. - ^ , . • • 
Culture 1, heated at 116.0®C. pH of aiilk S.4 
iii...ijiiiiiMii.Mjitiiivii iimiiihiiiiiiiiiMiiiiiinWtiiWiiiniiniii Iiriiiiiiiii iiii'i|ii.ijiniiiiiWWiiwiiiiiii>ia^iittii^iiiii.Mt»i'i-iiiijiiii:iw iiriiirnii i' iim niiinn ru uLii uriiii-Timniir iIim 
m 197 m 94,000 S,5>7,10,15,80,g5 3.0 4*i 
m 197 m 70,000 3,5,7,10,15»g0,25 15»0 li*® 
OttltMT© ft, h®at©a at 11$.0^ 0# pH of allk i»4 
U 168 31 13,000 3,5,7,10,15,20,25 3.0 8.1 
W 168 m 11,000 3,5,7,10,15,20,25 10.0 19»f 
m 168  ^ 1,300 2,3,4,5,7,9,12 S*0 i»0 
Cttltar® 4, hoated at li6.0%* pE &t allk -«#4 
B1 130 16 153,000 3,5,7,10,15,20,25 3^ 0 i»3 
if 130 m 171,000 3,8,7,10,15,20,25 1S»0 1S*S 
m 130 43 11,000 3,5,7,10,15,20,25 3*0 $*0 
Culture 5, heated at 120»0®0. p® of jEailk 6,4 
m m 30 310 3,5,7,10,15,20,25 5»0 sa 
m it 30 280 9,12,15,20,25,30,35 15.0 E3»S 
Omltior© t, h®at@d at IIO.O C« pH of silk i#4 
if m 7 81,000 3,5,7,10,15,20,25 3*0 4.S 
4i 34 11 10,000 3,5,7,10,15,20,25 5,0 5.0 
m 34 11 12,000 3,5,7,10,15,20,25 1*0 4^ 0 
Cultur# 10, h@at«d at 116.0°C. pH of «llk 
I II • - - - • • 
4i li § 410 3,5,7,10,15,20,25 10.0 10.0 
m 15 § 500 115,20,25,30,35,40,45 ,^0 30.0 
m 
s«sn-* 
orlg» 
inal 
j cul-
twp® •, 
drowth huiq-
Growth on ar-^ ber Spores per 
tiwaper*- mt ec,of -mtlk 
ature oial tram- heated 
^C, meaia fers 
itays) 
F®riods of heatii^ (In minutesI 
i«r-
'9if~ 
ml 
cib 
aim# 
isAtar® 11, heated at lie^O C. pS ©f sllfe ft*4 
4S • 15 S 
S5 15 S 
16,000 15,20,28,30,35,40,45 SS*0 
12,800 l§,gO,S0,3O,3§,4O,45 15»0 
gs.o 
ss.»s 
-ctelteri li. -at 116*0®C,.' ^ ©f atlk -ft,.4 
45 IS t 
@S IS t 
12,SOO 15,20,E§,SO,35,40,4® 1§»0 
10,400 15,£0,25,30,35,40,4t S0»0 
10 •o 
30*0 
• Bsita S -aait 
m, 
, wm eiipl©!'©# • wls.ea tb© emttoj?® wa® #?i®-
isally wb.il« @©atl»tti©i fti&wtli ©a artlflttal. enl-
lijr« a ttjapsratar® ©f was ii#M* 
©f in temperat«r# iii^t fartlally txplaltt tB# 
ttotiml fesistaait© ©f tli© Sf@r«s fyom th# emlturss m¥» 
rl#i tm m ii©a#it#revl>l© perldfi oa artifleial cttltmre ii©dlm» 
Cwlter#8 ,t, 4^ §., aai f •»!« a ©f 
tfaaufs^s ©a aytifitial ealttBre fej? i«S, IS©, ani 
S4 fToiwefe^ s|Jor«s. st all ^©wtfe. t«p»3rm« 
ta^©s wmsh ai®o,sh©«a a l«wer tfttrnal ttms tb® 
.sporea ©f tljs s»© ealtar©® vhmi oviglmullf mt tfe© 
©-am® teiip®«tnre, aft®? p»owth at l€©atteal t©»pef^ 
6tiKf#s« fh9 Aiftmrnms is lier«% reslstancd^ raagei twosa l«0 
to atnat^e wftfe t&e ^,:riottS Oiiitures^. emltiir© 11 wli©ii 
©aff-iei ttoreagfa f tmmBfmwm (IS Aajs) ©h artifiulal m®dla at 
ii^C.».. |i:r@a'a0M spoils wliteli a slisl'tlir'^^©ater r©-
glitaac© to- km% Cg«i sismtjes j tlwn fiii tlie spoye® of tfes 
ea-ltur# whmu 6iftgiii®ll.y tested at tlie SMje tespei'.at'ttr©# Th.% 
om® waa tfae of cultur# 12 1 ilS asFs) m 
ftrttfieial i»i4a m% 4S°C.* Wg%ii multmrn 1-0 at 4i® iS®C«,, 
©ttllai?# 11 &% i®L§ ©ultis-e It a,* #§%»,., fc«t j*®-* 
®lst&ste ©f 'Iht apores 4#¥#l#f#4 after S tmmtmB Cl§ teys) 
om artifteial aella ?«a tii© same tMt «f the eporeg. of 
tb® sultttre® wlieii orie;ittali|r at tli® tmi^ra^w#, • 
mf%#y g^ow*li at lientioal t«®f©ifate'8s, Affar«atlf, with 
«.«pa'rati.irely p«rio«s ©f growtl ob ai-tl 
fielal sttltar#'»dia bav« no slpiifleant iiifltt@aa@ om th® 
ttomal r«sl»ta»#e -of mp&vm fieodu.©@fl. was mo @¥l-
d€at relatlOBSktp- fe©%w®ea tb« a«ato@r of tmmstmn mad© aad a 
etoaag® In t]b.#»Eal r#sist«e# wltfe aay -©f tfe© eultur#® 0tMl@d 
fli© iata -IMts wit% smm orgamlsaa, a leag perloi Qt 
growth m arttfltlal euifiir# me&im ratli#? thaa tl© ambei- of 
transfers ®aaa w«» tfe© fa«f«r eamslRg. a a@«r®ase ia tlie it@at 
resistaae# ©f thm #for®««- 1%. actt fe® bowsirer,. tliat 
any 4»ereass ia tii«ya»l wmsist^nm mm pr®f©rtt©iiaX %® tli® 
m%m%. of th®, ferioi af -.prewth ©a arttfieiai mltuwm «®tla 
siB«« th®- iata o1Jtal»ei. 4© aot glow tk« thmTm&l. r-eststaae© 
©f %fee gpsres of .tM respfietiv® $oltar#i! grom for ?ari-
oms |i#rtods ©a tlie asdls »%• %lie 41ff®r»at teap©ratiir®s* fb® 
#srf®a$ of "tbs 4®#r®as<as at the «ad of the growth periods us.®4 
f@rl#t iri-tli tb® tiff@r«at ©ulltir®'® th& dlff#r®at growth 
Iw-t ttt ail «as®s mm €-eflftlt-@. 
Bi®: r#:»«lta iail#at« tfaat, with th® o-ulturss stud-
i«d,, frol#i^«4 feri'OSs of ^©wtli on artifielal. ©mltmre media 
t@a4®d 'to t«-er#a®@' tlit«ir r#slstaa)B© to beat* 
Belatioa of th«r»al resistance 
t© growtli- as€ expisar® temperature# 
It Is apparemt tbat la mf Qm& saspeasioa metlian 
th® tb@ima.i. r#slstaa©© • of a gl¥®a nwrnhmr of spores of a par-
tleular s.peci@s of/Meterla-oa two-factors, t®mpera-
tmr® aad lime ^^of #i:i>osttr-© to- •• Sine.® trials oa I61it»al 
m 
reslstaaee #f ttt© various eulteres la thm stttfij w@r# 
plaaaM %& s@©Mr« ft®%a on tli® Isfla-ene® of tli@ growtfe t^pera-
tttr©s it was tboii^t adfisaM« to mke am'©ffort t© eorrelate, 
If fOssiMe, tb@ tb^rml rmiBt&nm- ©f the spores witli both 
^owth ami ®i:poa«r® ^t«peratares. With this in aisd, aa. eii~ 
tlrelj ii«w series of ther»al rssistane© trials' was ma with 
a ©feral of the ©-ultorBs whioh had- (©Aihited eomsiderahle r©-
sistaa©© t© h»at* • Sfores of the cmltttr«s .g^-wa at tiff@r®at 
teap#ratares w®re •©xpos-ot • to t«p«rRtares; • of 1O4.0 , 108*0 , 
lli*©-^', aad ia0*0®0, fh@ results of th®s« trials ar® 
pres.©at®i. ia -IB.* -fh®--relatioa• of -^©riBal rosistaao# to 
^owth tsaporatur® -amd ®:spo8ttr« tmmpmmtwtm ®t oultares '1.,. Z„ 
4s, S, f,. 10, ll^"- aad- 12, ars' hatt«r mhmm graphioally in 
figures- 8» f, 10,. 11, IB, 13, ami- M:, r®sf#e.tivelf» ISt® 
falaos for th^e survival Im' aiam'.tes ha?# h#«a' plottot agaiast 
eat^osur© teap@ratttr«©'.«"' data w®r@. plottofi im this manner 
to fiatamiae- tha Tariatioss- ia 'th© p.@rl©'is of .survival with 
hoth the gr.®wth • t«para.tmr«.s •m'& th® taaparatMrea of, as^jos.ura* 
fha gra-phs elearly show that th© sporas' of aaoh of the ettl-
taras bao.aao prograasivaly laas raala'teat to heat whaa ©xfosad 
to highar t«p@ratttr@s •. ia othar worAs., tha surfiTal tlm© 
fori at laTarsaly-as some fuaetion of the • taBiparatura of aas^-
sura* Blffa.rese©B in tharaal' rasistaaaa ©f tha sama aultiiras 
grown at. 4iff#r®Bt teaparatttras war® smallest at tha hi^ast 
axposure t«p»ratiira» 
MM m 
Relation of thesnaal resistanc© 
to growth and exposure temperatures 
Qw&mth Ag© 
temper- of sur© Spores per 
ature eul-temper-caof milk 
®C, ture ajure heated (days) 0» 
Periods of hsatlsg 
C in mlButes} ml 
aS.a*J 
Culture 1, pH of Mile S#4 
§ 104,0 80,000 130,135,140,145,150,155,160 13i#0 
Sf i 104,0 14,000 130,135,140,145»150,155,160 
55,60,65,70,75,80,85 
160,0 
21 8 108,0 65,000 60,0 
37 s 108,0 40,000 55,60,65,70,75,80,85 00,0 
21 i 112,0 300,000 80,85,30,35,40,45,50 30,0 
37 i 113.0 60,000 $0 ,35,30,35,40,45,50 40,0 
21 i 116,0 94,000 3,5,7,10,15,g0,g5 5.,0 
37 s 116,0 70,000 3,5,7,10,15,80,25 15,0 
£1 i. 120,0 80,000 i,S,3, 4 ,5,7,9 t#o 
S7 § 120,0 SS,000 3.# 
Sulture ^ of milfc 6,4 
21 § 104,0 11,000 140,150,160,170,180,190,gOO 150,0 
m g 104,0 10,000 140,150,160,170,180,190,gOO 190,0 
4i a 104,0 1,000 140.150,160,170,180,190,200 
70,80,90,100,110,120,130 
150,0 
i 108,0 17,000 90,0 
37 i 108,0 15,000 70,80,90,100,110,120,130 120,0 
4§ 3 108,0 4,000 60^80,90,100,110,1^,130 
15,go,E5,S0,55,40,45 
90,0 
gl i 112,0 6,000 20,0 
Sf S 112,0 S,500 25,30,35,40,45,50,55 50,0 
4§ i 112,0 a, 000 15,^0,35,30,35,40,45 
3,5,7,10,15,80,25 
20,0 
El i 116,0 13,000 3,0 
m •t 116,0 11,000 3,5,7,10,15,20,25 10.0 
m 116,0 3,000 3,5,7,10,15,E0,S5 3*0 
m. § 1£0,0 15,500 1,2,3,4,5,7,9 1.0 
57 § iao,o 14,100 1,2,3,4,5,7,9 4.0 
4§ igo^o 2,500 1,2,3,4,5,7,9 1,0 
4« 1^ ©f allfe 6*4 
U i 104»0 leOjOOO 100,110,120,130,140,150,160 13§»0 
af § 104,0 171,000 140,150,160,170,180,190,200 190 
4i S 104^0 8,S00 100,110,120,130,140;150,160 1SO.0 
m S 108,0 141,000 50,60,70,80,90,100^110 60.0 
m fcnmt.'i 
ligd Smo-
temper- of sure Spores psr^ F®rlMs of h#atlag Soarfi-
atur® eul-tmper-ec.of milk i tm Tal Ha 
C. tur© ature heated aia.l 
C 4ays ) 
Culture 4, pH of fflilk 6.4 
if. i X08.0 193,000 ft,80,90,100,110,ISO,130 120.0 
4S S 108.0 11,000 SO,40,70,80,90,100,110 60.0 
tl f 112,0 192,000 15,20,20,30,35,40,45 20.0 
t? s 112.0 179,000 25,30,35,40,45,50,55 50.0 
m s 112.0 5,400 15,20,25,30,35,40,45 20*0 
m i 116.0 163,000 3,5,7,10,15,20,25 3.0 
if § 110.0 177,000 3,5,7,10,15,20,25 15*0 
4S 3 iie.o 11,400 3,5,7,10,15,20,25 3.0 
gl 120,0 176,000 1,2,3,4,5,7,9 1^0 
m § 120.0 183,000 1,2,3,4,5,7,9 7,0 
t igo.o 7,700 1,2,3,4,5,7,9 1.0 
Culture §• pS of milk t.4 
m S 104.0 300 100,110,120,130,140,150,160 130,0 
m i 104.0 £50 160,170,180,190,200,210,220 190.0 
m s 108*0 280 90,100,110,120,130,140,150 100.0 
m 108.0 340 130,140,150,160,170,180,190 130.0 
m s 112.0 410 £0,25,30,35,40,45,50 30.0 
m s 112.0 390 40,50,60,70,80,90,100 60,0 
m 3. 116.0 370 3,5,7,10,15,20,25 10,0 
m i 116.0 3E0 20,25,30,35,40,46,50 MM 
m i . 120.0 310 3,5,7,10,15,20,25 S.O 
iS t lao.o gao 15,20,25,30,35,40,45 15,0 
Culture 9. pH of milk 6.4 
Sf i 104.0 go,000 3,5,7,10,15,20,26 10,0 
4,S .3 104^0 17,000 3,5,7,10,15,20,25 15.0 
.Si S • 104.0 15,000 3,5,7,10,15,20,25 10.0 
m $ 108.0 100,000 3,5,7,10,15,20,25 5,0 
m S 108.0 5S,000 3,5,7,10,15,20,26 10.0 
.i5 3 108,0 12,000 3,5,7,10,15,20,25 6,0 
Sf i llg.O SI,000 1,2,3,4,5,7,9 2,0 
m 3 112 .0 11,000 1,2,3,4,5,7,9 4.0 
m S IIS.O 13,000 1,2,3,4,5,7,9 2,0 
m § 116.0 31,000 1,2,3,4,5,7,9 1,0 
tl 
Age : -:i.- 'V. v . ...;i ; M.,';- . ^ r, ^ r 
#f sia»# Scores pet •&f hmtlm Sarrl-
atur© cul-temper-ee,of aim (ia vellin 
°Q« tur® attjoc© h©at®d hsIb.) 
{aaggl ' 
Ottltur# fl atl& fi»4 
4S S 116.0 8,700 1,8,3,4,5,7,9 g»0 
m i 116.0 7,900 1,a,3,4,5,7,9 1.0 
3f S lg0,0 19,000 1,8,3,4,5,7,9 0.0 
4f 3 120.0 15,500 1,2,3,4,5,7,9 1.0 
it 3 lEO.O 11,500 1,2,3,4,5,7,9 0»0 
10.* m of aillfe «#4 
4S 3 104.0 280 100,110,120,130,140,150,160 140.0 
ii 3 104.0 330 160,170,180,190,200,210,220 180•© 
4S 3 108.0 350 90,100,110,120,130,140,150 100.0 
m i 108.0 320 130,140,150,160,170,180,190 130»0 
45 3 112.0 210 40,50,60,70,80,90,100 60.0 
§5 S 112.0 170 40,50,60,70,80,90,100 90.0 
45 3 116.0 410 3,5,7,10,15,20, 25 10.0 
5S 3 116.0 500 15,20,25,30,35,40,45 30.0 
45 3 120.0 340 3,5,7,10,15,20,25 7.0 
55 3 120.0 410 - 3,5,7,10,15,20,25 10.0 
Culture 11» jpi. of ailt i»4 
4i S 104.0 20,300 100,110,120,120,140,150,160 160*0 
5® S 104.0 18,000 160,170,180,190,200,210,280 200*0 
48 $ 108.0 10,200 90,100,110,120,130,140,150 120.0 
§5 S 108.0 15,000 130,140,150,160,170,180,190 140*0 
45 3 112.0 11,700 40,50,60,70,60,90,100 60.0 
fS 3 112.0 17,400 40,50,60,70,80,90,100 t0»0 
4i 3 116.0 14,100 3,5,7,10,15,20,25 28*0 
5S 3 116.0 12,800 15,20,25,30,35,40,45 35,0 
45 3 120.0 8,300 3,5,7,10,15,20,25 7»0 
55 3 120.0 16,500 3,5,7,10,15,20,25 10.0 
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afiur® eul- temper-eo»of ailk |i& alaat#®) *ai ^  
G, ture a^ure heated aift») 
{&&yai 0* 
Oultur© IB# pS of milk Sr4 
m S 104.0 
m S 104,0 
m s 108,0 
5§ s 108.0 
43 .s 112.0 
SS 3 112,0 
45 a 116,0 
S5 s iie.o 
4§ 3 iso.o 
55 120.0 
16,800 
12,000 
7,500 
7,100 
IS.SOO 
12,100 
12,300 
11,400 
16,100 
10,200 
160,170,180,190,goo,SIO,220 180*0 
160,170,160,190,SOO,210,230 210.0 
100,110,ISO,130,140,150,1©0 110,0 
100,110,120,150,140,150,160 150 »0 
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was ®®asldera¥le ir«ria%iQn mmmg tb® farloos 
ia tli# sayvi?al at th® t^peratures* 
fU@ survttal in -all v&tM. witb th© t^psrstttr® of 
.growm.* Oftlaiiffi- growtla tteperatttres always -^t-e %h® greatest 
survl-ral of- -111-® spof©# a*, mmk t«peratar@* A stMy 
of- tbe data pf^seatet im tabids 4, f, 11, -ant IE atom tlm% tli® 
aaxiMm tksiTOl -r®sistas«e of a©i®t 8-po3P®8 was ©eared 
$^mth at thm- oftifflWM- tm-pmmt'mm is tS -omt of 3® e@aparatii^@ 
trials ®r ^f®r ••©•-«&% mf tfa© trials-* Mm -ajBalysls ©f th© 
data pr@s®ttt#t ia Salfel#^ E., 4, S> i, 11,. aad IS als© Bhma 
%h&t growth fe©l@ir th# «rftt»a 'deertassd the ther­
mal r®stst®a©« -of so-tst spor» ia- It© #f' 10-4 eoaparatiim trials 
or f-6-«l i>#r-•;©#&% of' th<© trials*- lya-i-ag -tl# gp-ewth at th@ opti-
fflOffl t«ap@ratijr#a- for -eimfaria-lQa-, th# -tata ia ^-ble 12 show 
o 
-that th@ survival at -aa «if©«ar-® t«f®rat-iir©- ©f 104*-0 C« var-
1-ed from IS a-iawt«-0 wi-tk -e-altmr® t to -g-10 -mijaut-es with ©altmro 
IS. 0«lt^r-«s l-j- 4.j--S-,g -10,/-aM 11 mumiwM f©-r ISO.,, 190, 
ItO, IfO, 180, aat &Q& »tamtea,„ respe#tiv«lf.,. at 104»0®C-. the 
®a»® ©rft®r of sarv-ival-h«li t# -a-larg# -®3Et-®at with the «xp©-
s«r« t«p®ratmr#s ©f lOa*#, IIS.O®, aM 116.0^C» ^t 12O»O®0. 
th® sttrviirel r«ag®d fr©a l-Miawt# with @ml-tttre f to 1§ m%imtm -
with ealtwir-® -&•. It is-lat©r«stiaf to a«3t®-that at 11§».0-®0».|| 
-©r th® eij-osmr® t«Lp@rattir® ft^prox-lmtimg that a-sed in the 
st®rilisati©-a -ef «vap@r-at«t ai'lfe,' a stfrriiral mf li »iBttt©s or 
mor© wm mhmm hy -©ultares 1, 4^ §, lO', 11, aad XM which swr-
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&t aofitt®! ©f ®f6|®3mt®4 milk 
xm 
^aafle .amb®r^ M piw mmy ^ sTMeii©® #f hm%mwl&l 
e©atay®l'iiatlon»'' S@i1;lieT Wx& fl.af#r aad c^©r m-o? tfe© li©4y of 
tk« aitlfe was rn&'rmml.j hf; ^ is eoatMiai-
ti.©a» Otiltwar# If tob isolated froan-th©'atlk#/ Spoirea &t ewl-
If, gjfowm a% tl®, 45*^C. aiii fe©a%e4 la stsfile 
o 
sMmillc, w©r® t«-troyea -fey-a tmprnm^wtm-ms Im m 104mO C. 
.la, m atoft « perl&i ms 1-- fb# .Sfei's ®©at#at ©f tli®. 
sllaallk rasgea 'firfm lOO' •%#• tO© .p#r'«abte Apfai?-
eatly, tills m-gmiem TOOM lia*?® -to#®a ^©astly -iesty^yefi by the 
ortlaiiry »t«jpl3.1maittoa If It tea fe«@K - pr"«S'iMit • wboa 
tiie lollfe w«® b© It s-©;«& probaM®, timt tk« ooatamlm-
tloa after aterlllEatloa., It is ©atirBly 
posallil# that the ®f©r®s -i^igisiilly preseat aay hm® 
v&Tf reslstiiat f®y mm& -wmBGrnm 
,!#• tto» r#sa.lts. efta fea m :r#py®s®atatliP®, 
It a.pp#«s ttet til# pr«®@tt®© mt •lafel® »p©r®s,®i' feaet©rlal 
@«lis Im ©Wforatsd milk is 
^ersal r»iflstft««@ #f mmm ,«©»%!«, 
#3^r@«foriaiag ba«t«rta is^»,t«a trmm allk 
AmmhlQt hm® hmn 
ff®p®at#aiy la allki -sad-#©,®®-©f tli#ss. feav®; ©i^lbltet 
ratbar hl0. to 'liaa^*-. -!&#• work Qt I»ai«raa##-aad-
WqM (4t) ®a Inls subject is outstajitdlng* ia t© t©'-
taimlaa tk® ^p&aslblllty ®£ #i»tlaaiy raw milk ©©atalalag 
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pistes, •toa"tealJi©d only oae typ© ©f «oloay. Fr^t^aotly 
th© m-ma- tfpm mt colomy. wm pp@s#at ©s thB piste® immh&t&A a%. 
Mtf&rmt -aat Su thm® imt&m&m & mlmmy fmm 
m# plat© sfa#wiag, Immmimt gjr®*tl wa®.fiek«4» Cml-
tmmm mmmmA hy tkis, gj®a®al preeMarii mm a®gtga&t«4 as A.., 
8, B, 1, I, 0,^: H, I,,, I, I.-^ mmA M. lacli @f %hm 
was ~fip©tt a tiff ©feat saapi# of Milk «®«pt ©ultttres I. M 
whlGb w#t® ffoa til© S8B»® atopl®* 
asf^l r«sis^ttttt#e trials wmm ©« all tb© 
at llO-*^%.«. t]elmls mm ia tlie @wm 
msmm as tliosa iB-tii® mmm of %h@ ©iiltu?«# ls@lat«A trmi 
•eirft;f0tat«i a£lk» • sf»« ##at®ats of tl© »m.sf®«io-ii® 
twm l.|@©0 td 10,#f0 p©^ embi© •#®nttaet©r with tli® dlf-
Table 14 pxesents tik® y'©«ttl,%s 0fetaltt#4-
WmM ttoe iata it ia evliest tliat aoa® of tfa®' ©alttwes sli©wet 
a tb#f®ftl itmmlmtmmm which wouli y®w»t»ly s«^#st a possifel® 
sttrrlfal of tb» usual st©rillzati©a -^pl^y®# Is 
.fflamaffttturiBg-©mpoMtet «llk*-' ai® tb«m«l ^resist-
assif %y tfa# spores wm •1 -*Iaot®s tmFfifal at 110*0®G, 
this ©€#aiRr«i witli F and # gr®im at &m. 
wltb umltMi'e® 1 aai i grew mt 
the aiuab#i? of sfmples Qt wm milk #x«ai.B@a 
was liatteij 'tli® wmmttm ladteftte tliat raw alllc. sw^M&wiXy eoa«*> 
taitt® aayobic, sp©?®*f©mla«,'batftt«3»ia* !a©a© ©jrgaalsiis', bow-
mm^ .affarently t© a©t ttsttally a irajpy fiilgfc tliamal 
mm.iM-%mnm-m 0®»«-tta#iitlyj. »w ailk sl#iil'i a®t ©sdteai'lly 
im 
'Tkmmtl rmlBtQ&m of sultuF^s mitt 
s-ttrrifal 
initio# Cferowth m% - i®i«a «®m st. 
. . , ; "11^^ y,.,8^p ^g^„, 
4 # 4- m '  § .  •t -&• «. 
1 'iMK" * -m ' •m © 
« • •# + 4- m- i 0 © 
t . # • »- • m § 0 'IW 
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a ©omoa MQum® feastefia ©ttpablt of surTlTiag 
%b© usual sttrilisatlos. proa-edtts?# ia the aanufaettar© 
©f ®T«posat#t ifilUE P'rssttm^JLy.,, it my b# a Sfaurm 
m&^T mwt&tu ©©afiitloas* 
Mmtittmtii&m. of tlie Mettfia msM mtu&j 
4 of m was a#@€ is tte« stmdy. Some 
»f tjfe® mltmmm notably. e.iilta.F#« IS, 1S,» 1®# aM 1?, 
•iit a&t .iOEfeiilblt a»y-atp»'@©-t&ljle TmmMtmmm t© beat aad, ©oa-
a@ttt@mtly,, w©r« •»©% -tts-st la^'aitf ©f ^tl«-b®at •a?@»lst«ao«. trials. 
la ©rt®!' -te- mkm f#«®lbl8 %m @aifaj?ls©a &t th© 
smltis with published mm m%%®apt ms ««i« t® Iden­
tify th© eultures* Cultii^&s: $ ftM M wrnm mt iieati-
fiM as %li#y.w#3f® f®ma4 t© h& mmi^f 'ifcll# e«,ltti3f^»s H, J, i, 
'K, Lf attl M wmm m% as tte«y exhibitftt v^ry. littl® 
reststiiJtt®# t® li«at .ant ••mm mMmmtlj aalBf®iet®at la ®Tspomt@t 
ailk« trsiag ^mmT*s mi D«t#jmt®atif@ M«t@plol®gy»-
tsj «a a gatasj. tli® caltmi»®s w@» iaentifiti as f@ll©irsi 
•ialt«:r®. 1 » Baeillia# ae^thegiya laty 
aaltai'® 2 - Baoilltts freMeayeiohli (Miquel) Mi@il« 
QwCLtwm- S - Baeillma Rltag^laetis Migoia 
CmltttF® 4 - Baoilltts la^tiaorbtts jr©raaff aad a.ri'is 
Cultttr# 6 Bg-eilltts gftli6olft®tl& Hussoag m&& 
Gulturt 7 - Baoillus petasites aottk#il 
0ml tur# 8- «• Baiiillias ' faafi FraaklaBbfl. 
Omltiart 9 BaclXlaa ^msmhmB Ha»®ir-
Caltoe 10 - !©•% lien t If lei 
Cmlt^e 11 - Not Mantified 
Gmlttt» 12 - Ba^illag Qallilolaotls Sttssoaf and H@»ey 
Ottltmf® 13 - Baeillma lifeetis flttgg© 
Ottltt t f® 15 * Baaillm mmmntmlmm trmimM 
6iilt«p®-16 - Baeillms vmliatiis freTtssa 
imltmr# 17 « Ba@llliia BViimTl^vm H«id© 
0mlt«r<t 1 • BaellluE meseateyi^tts fr^vlsms 
SttlMrt B - Batlllaa teanstopliilus Frlekett. 
•Cultw®' • 0 .l^eiilus flugge 
Qmltmm D - fl^gg® 
0ttlt«ar® 1 •» BaeillM# Be lauy 
Omltot'® F - Baotllus oer@us Fi-asklaad and Frai&:laB4 
a * Bcoillug s^bttlta a®te yraaaewstei 
Cultures 10 and 11 were m% identified «.s tb®!- lit 
mt .fit tb© «©@or4ptioii of aay #yg&al®m listed im fi©rf@j-»g 
lifiamai ia.l* 
It is iaterestiar t# ao4#.-tliat s@t#2'.al. ©f ©^gaa-
is» l®a w®r® pr«s»at im tetli yaw m& ailfe, . 
/Ba»«ly, Baelllus gefiatjtierittgi, Baetllaa 0©r#tt0« m&' Baeillas 
lii#illas^ aaa»tfe#.gl^ was t&® oaly #a« ©f 
«g«t«a»' thmt: was- from s-i»ile.4' 
fb« sfyftia @f aeisatherima tmmlmtmS. tmm speilefl empo--
nx 
lailfc •& Mgh ftsis-tame® to heat, whiit-
mm #tr«in f»a 3f«ir ailk did not gliew wmaiutmrnm 
t© high Ba€iXl»s IsoialM t-mm. 
^fapo^tei vMm, grom m .stew^ a smuriir-
ml of #0 aiaiit®# at 108.0®C., SO minutes at 11S,0®G*, aai i 
sisttt-es m% •••?&«• ;s»#: ©alter®, wfe®a grsm at .Sf®0#, 
#% 
sM®ir«« «. #tt^iwl W Mattte® -mt I®®*© 0',,; mimmtm -at 
llE.O®e'*j» nat IS minm%®s at 116.0®C. In d®at®«at^ th.© strain 
Basilica- lwlitt«t frra raw, ailfc, iife«a m&m. at 
#ltfe®r tl® «r Sf®' ©•! did B@t «•#» ^a® alamt® at 
11§*0%« -fli# am©^ gr#itt®r tli»»*al rwis'taa#® ©f t&® strain 
Baetlltts .i-a#liit®A fr©a'-speil^t ©*«p®rat#4 
allt Is slgnifioaat «ai "Witfe tto@. ,w#rlE'©f K#ll|f (411* 
fMe only ©xplaaattea vhiQt mm fee gif©m .f#r tfa® greater tl®r« 
»al r@si»tftat® Is tfcat'fei^er- rtslstas## tet %®«n a©^ttir®i 
threrngb aataral • aM. '*®#li*ttl.£ati©a ©f • tfe» strain. 
fli« strain of B&eillmg Qmrmm fw&m @mp©^ 
rated atlk posseaaM approxiisa tely tM- am» tli««^l r®si®t-
aae# ms tbt strain isolatet :flr®B 'raw allfc.# fb®- strain fr» 
©-vaf^r&t®! milk surrivei .i »lmtes at 1®S«.^G=. ,®p®w at 
.ant tfe# s.train fmm .raw. «ilk ..«ar»lv»t •l-aimmt®® at 
110wlt« p»wi at 1?%#- «®ttlisr^ tli® sttalm -of Bifgi.llms 
a»a«a.t8riema l»@lst»€ fr« «»mf©riit©t -ailfe a#r tli© atralm 
' l»#lat«A twom •«« «tlfe.» sarvlfftt wa 'emfosw# ©f' li0».@®0.,... 
fs©r--«T@n ©m@ alam't©, wkmn 0mm at -21®, .3^?®, ®r 4i%. 
lis.. 
©mewssioi m mmmm 
fh® Importanoe of l®if for toliiag mllfe 
wfelth is t© le-aaaufacturM' iato ©-rafftratei ail& is ia4i#®t@t 
%hm tata sMowiag ft® reiati*®ly low tliemal r^sistaae® ©f 
asrefeie.,. sp©r@*»f#aiag @r^»i:a»s gr®i»it at- tmferatures h^lm 
th® ©ftiatia. It •afp«ai?s,, tik«r®f.©3f#.:,, tliat tii« m-lsteaaa#© ©.f 
V 
low %m^mm%weem »mM aftrkMly Imwm thm xmimtmmm 
©f Materia lik#ly t© b.« fre#eat at th-e tia® mf s%«rili^ti©a 
aad tfcier®tey if »©t thm »p©il«ge @'raf®rmt®d 
ailk. Aa ®xo@pti®s t® tb® teea®fieial imflueno© ".©f I®* 
aturea wstili %m is tfe® ease #f a#ittg t.«p©ra%ttr«»' law ea©u^ 
to ioJfeibit lk« #f spoilage ©rgmisM. .still baviag. 
^.reseat ia ttee »tlfc. s^^ras wtoleli lafl 4ef©l€>f#t «%' It# .©r 
®.fti»wii t^afsyatuT'es* In this ia®.taa-ee the M.iateaaa®# ©f 
l@w t«f©ratare«- would perhaps .»-®t Mrfceily l#w@r %k@ thmfml 
mmimtm&m .©f tke .s.^res. The ^Is-er^atioa 
•a«.@«s®-itf mf miateiaiag lew t«s|i©ratur©, wh@mwm- -f^esibl®, 
ttms, th« ti»@ 'tM# ailk i#...ira««. -antll-tb# ti»« -©f «%#rili»-
ti#B« fie tate'•siw'-smfpsrt t® th® 6-fea®r^ati@as 
©f f«il (Bf) tteat,eratttre# influence the ability 
#f ait.r»»gMiJBM te . re«i.sit 
' fkm resets; •«!#» ttot--^.©-•te^©ratmr@ %&• tie'afoiiet 
in att«pti»g t@ memmm a l««r t&.®^il r«si.staa:ef tff'.®p.©r«.s. 
©rganii«s iao.lat®4 fr®a. e^aporatM milk i® the ©ptiam 
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gr©w"ft. 
f#j? ,s«T#ral #ay» X#ag't« pr©4ae@ mlgkt-
lB«3r@as© %km heat r#sistaBe« of %km spo,»» m t&at If 
th®y lalU'tfe# milk t&«y womli smrvi^« 
th® mmX biiat treatment given the evaporat#t ailk# 
flii! relative oonstancy of the results #tet«ls«il im 
t^« mwi^m ^hmmt trltls-wi^tli ©aeh as long 
m th® i3p©w^ t@*f#r®twj®^ mm thm »«®us, is in fearmoay 
th# wefk «f «€ S#ttf«3rs C5S| .Mt 4® a®t ia mgr#®* 
»tBt wltli th® •#bs@'-ri^ii.tioas ,©f Isty -aaA filliasa^ (t») aat • 
C4iK'' fh.# lat't@r •inT#sti®Rtors' toasMtr th« r«stst-
&t ®fore® t©, l@mt mm mmt a f ijssfi fTOp#rty %mt a v®fiall® 
©l»aipii#t@riisti#, hf a 'be-Mt ©f «®a41tions- rath«r 
tMa %y oae faetdr sa@li. m. t«f#ratttr@ ©f growth*-
• a® t«at#a«y for aoiat »f©r«® tn tevs m gr@mt®r 
th®r*l r©® la tame© ^t&aa @ltfa®r freshly irlst |S t# 8 tays ©14) 
m ag®t #ri«4' :sp#r#« |4f -t© tt i«y® ®li} is t« a^@«eat witu 
the «©rt #f Isty -ami Ktyer C28|» _ fh& praetltal ®sf®et ©f 
thl® is that although .fresh^ «©l®t st©.r©s my h® 
ji©r« r#®t»taat t® heat, driet spor«s a&y well hm th® e-attse of 
afQilftg® «tttte#«ks in evaporated milk If th@y hafp#a. t® get 
int© th@ ailfc. fwQ& a 4b th#- pl&at# Aay €©mtr©l- »«as-
ffir@s • iDam'g»«t#4 mmst, therefor#, iatlmi® • a® ©liMtaatleii ©r 
".©pores in -tM# fJL&at-. 
fh# -teai^aty #f^ spores from e^iltMres gr©iia f@r @;s-
IM 
#m artlfiaasl ©alte# msAta t® to 
m@%w Me«t 1« im g®s#»4. tlt» 
f tttttag# ©f llil# ffe« reimtlemsblf %#%»«« tteeaal 
ir®sist«a#« ami &m. artificial swltar® s@4l« «a iaflm-
®tts-e€'-»#t %}• -ffe# ©f•-©^ »i» l>y mm 
tlffls fiiift 0ttl.tu^«s ft«iTi«4 @a If mm» 
%imm^ #f orgftnissa; m artlfieial tultar# aeftla 4e» 
mmmm tkm. -ti#!*!. »#4s't«a« oi mpmmm i% 
fallesg tfcft-t mpmrn sboiili wi^taM 
»»!«*«»»« ^.«-ii tm of 
tto# oy^aliitt. It tti#3P«for«, hm %M»% 
*ith til# cultures stuitiA-, natural eondltions ®f habitst 
mm ff^Mbly mu&nQtm t»- att*^a«, renistaaee# fi*«» 
a fl@wpoia% mphasls# thm m^m&itj 
&f tfcf mill ' fmm mBt^imtion o-n th# tmmm iQt 
m@ Btmm It im mm tlat a©«t mt t&® 
is milk-m^i mm mm mmmlt'&f im*-
f»®«metiea §afttiMlii&tS.@:0 m %1# fmmB-
«i®«feli«41y wottia te« witi sx^or®® ©r fmm»m%m$. tfe@i,^ 
m&ximm tm ^<owt^  
tor®* 
that, la fda^rai,. ^i^#' gwirri*®! 
#f %M apBff®# iKr#r»«lf wttfe %hm 
mm $.tk wttl the we^rfc: of Big$i©« m€ M%f I®I* 
ffc# #f m%l» m mp&mm fwm mwHf 
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§• S^Aifa a#©x«aM#s.- ••la- t«mp«atm?© from thm ©ptt-
mvm ®3.»afs tto« Tmtntm&e th@ 
•Sf©!-#®, wMl® ®add©a liior«as« ia grswtfe %^®iaf«ratai'© to tli®-
oftlfflWffi ali»y» ias^®as©« tfe« m©Mtal y@sls-t«n&@, thms. estate* 
llgbiag tfe® Impof-titat influeae© -of -growth temperature oa th«r» 
aal r®«ista»©e# 
f». 'Coattem©!- gpowtfe mt at «feaag@d ipe#wth t^-
pstatur®# gda«3?al3.y r#s«lt@t ia m^mmm 'Wltfe -a tli03?mi feslst-
:aE0@ afprox:imattag that ©f «.f®;p«a &t tte# wham ©rigi-
aallf tested &% the saa# t©«p#-mtmr«s, 
8. Moist t#at#i t©. lave ® tterm&l rssist-
aae® thitm ©Itlier Arl-ei m-pQ^m {S to 8 4»ys ®ia) ©r 
ag®t tiri©! #pi3(i^»s C4f-t© SS 4«y«-©It)-# 
9 m  Tbk^ l i i f l u e n o « ' a g #  # a  the hm% r ^ s i s t a a e e  a f  t e l M  
•sfores w«s • tomt t&# t«aS#atf was f#r ti.® aget spo-3?es 
t© l>© is®r#-li@iit ie®fil#tattt tli® fwrnklf  The 
lirfim«ae® »f aa« ««s aot i® aaj- maaatip ©orrelatM. wlttot tk© 
®r©wtfa tmsmiprntwc'® #f tto ep©i*«s». 
10:» Proloagii-d p®flMs of pfontfa #b «rtift©i®l #ult*ire 
B*€ia t«B4®4 t# tif®3?«aa« tfe® thmtwal resistaae# ®f tfe® aoist 
sf©r«s ®f tto®- «al.t«y:®s atudi^i* • • Amy ir»l.®tl#aslilp exlstlag 
te©tw®«a th« tlierml resistance nM growth ®m artiftelal etil-
%VLm aMta iavelT©! tit# l«agtli ©f tin© tfa® e«l-
tttjr@s ir#r® weopt-l-et.-^a tto« m«€l,a aad ft#t ta® amfe@3P of tram-
tmm Mai® ia mTTjtmg tkm mltmmm^. 
tm 
11. tli@»al ©f tlh® .spares -rariei iiiir@rs#ly 
as, siaae' jpiaaetl'csa ®f tfe© teafemtur® -ot ©xp©s«r®, m& the rat® 
©f iaer#as« %m t^«- timm #f smrvlwl wttli'a- a®o2f@«s@ la «%f©smr« 
tsaptratmr® %©• iitt#li ©leser t# a • g®«@trle. tbaa m 
arlthatti© pf6^««»l»a* 
1S«' sf&wm or ««tl» «f b«.e%»rla *®i?« a©t ©offlroa la 
thi® aoi»l evap©ra%#i-Bilk' 
13« Wm» 'tfc# %& mmmplm- r«w »lll^ ®ta4i«i m a©ri©l>i@,j, 
Mii'ferlm i«#s#s«l»g «B ©jf•#elftll,f hlgfc 
wmm •©Itaiaet,, %«t mw milfc. skomlfi alwafs le 
sid®r®4 &» a s©mr«« of 0«t«iBatt-oa ®f ®'r«por«%®fi 
mtlfe wltli l;#®t ^a«t®rla. • 
14» fli® 'Straia of laetlias: nemtheriatt t®©lats4 f3*« 
spotlai ®vaforat®A Ml:lk a feigk r«st@taa®@, 
Willi® th© strata ®f aaslllas- m#ga,tb!gglM 4s#iat®d twm raw 
milk ilt ' 
Baeillaa s^aaalaia-' w»r© fsaai fwmmmt la. »f©ll®4 ©vftporateA 
»llk« 
3-®* Baellltts fg»M#nr«iefal 1. Bselllttg all^el&etla. Ba£|l-
IMS.. 
MStot MffiSlEf 
smteerifflna were found present In normal ©iraporated milk# 
Baeillms aeamlNirtega. MgillaB tettst&Bhlliaa. B®#llltts 
iai 
lialAlMS mmmB. tt^ Baeillm® 
.sm t^jJLis.. w«re isolate f^m mv ailfe#-
l:ft» fli« 'wmults -Qt t&# stmty smgi»st tfeat' ia t© il®-
®mm& tl« .r»»lst«a-0@ &t hmt®Tim t© to© feisufi 
la ©fape^ateA aiik aai -toe minimize pi>»'r©ttt sp©IMg© l©s»@«, 
l®w iitoduM %© wttataiaei lit- -%&« r«w aillfe trem tb® 
%im» of -astil it tbe tmrnwrn-mmr or ppeh^atw* 
I»i&@wi-|i®,- imsliig my mWmM® i»i*i©4 f^evioms t® tai® «t@rlli'Ea--
%%mm. lew t«ap«rataie®s s&ottia hm fortberj^ 
aaj "#l«itji mp" sh®mli fm 
thm i®®ti'tni.t4©a ®f tri«i isfer#s fyesest im m® fla»t mafi om 
%U® »t*ipffl®a%.* 
im 
AmmlmiGf J# v* A a 
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